Linkage analysis of a non-specific form of X linked mental retardation (MRX) was performed with 16 polymorphic markers spanning the entire X chromosome in a three generation Italian family, including four male patients with moderate mental retardation. One obligate carrier woman had mild mental retardation and another two had normal intelligence. The results indicate tight linkage to DNA markers DXS84 (L754), DXS164 (pERT87-15), and DXS278 (CRI-S232). A maximum lod score of 2-11 at 0 = 0-00 was obtained with DXS164 and DXS278. The linked region spanned chromosomal bands Xp21.1-Xp22.3, that is, the same portion of the X chromosome where MRX2 and MRX10-13 have been previously localised.
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(J7 Med Genet 1993;30:866-9) X linked mental retardation (XMLR) is a widely used term, collectively denoting the fragile X syndrome and a large number of less common The brain promoter region of the dystrophin gene was tested by the polymerase chain reaction (PCR) according to the conditions described by Boyce et al. '5 Two point linkage analysis between 11 informative markers and the disease locus was performed using the computer program LIPED on data from 10 available members of the family.
Results
Clinical examination of the affected males and their position in the family pedigree was indicative of a non-specific form of X linked mental retardation. In fact, although prominent nasal bridge, high arched palate, and short philtrum were recurrent traits, there was not a consistent phenotype. For instance, in contrast to his affected uncle and cousins, the proband (III.2) had a marfanoid habitus.
Cytogenetic analysis of all affected males was negative for the fragile X or other structural anomalies of the X chromosome. Since no amplification of the FMR-1 trinucleotide CCG repeat was detected (data not shown), the most common mutation causing the fragile X syndrome could be definitely excluded. These findings, together with the absence of a syndromal clinical phenotype, led to the classification of this family as MRX.
Results of the two point linkage analysis are shown in the table. Tight linkage without recombination was found between the putative gene and the polymorphic DNA markers DXS84 (Xp21.1), DXS164 (Xp2l.2), DXS28 (Xp2l.3), and DXS278 (Xp22.32). Fig 4 shows a representative Southern blot containing DNA from nine family members. Mental retardation segregates with haplotype A of the multiallelic probe DXS278. Maximal two point lod scores were 2-11 at recombination fraction (0) 000 for both DXS164 and DXS278.
Because the maximal lod score was obtained at locus DXS164, which is located inside the dystrophin gene, a candidate locus for MRX,`15 we tested the hypothesis that a deletion in the dystrophin brain promoter could be responsible for the observed MRX. The presence of a normal amplification product from the promoter region in all patients excluded the assumption that such a deletion is responsible for the present case of MRX (data not shown). group Recently the X chromosome has been very extensively investigated and many loci for non-specific mental retardation as well as syndromic mental retardation are being mapped. There is hope that in a short time we will know not only the number and the location of the genes responsible for mental retardation, but their molecular structure as well.
In the meantime, linkage data can be used for genetic counselling and prenatal diagnosis, although some problems are likely to be encountered. For instance, in our family it was impossible to decide whether subject II.8 is a carrier or not, because a recombination occurred between DXS84 and DXS164. Since she does not have any children, it is impossible to tell whether this recombination also involves the locus of the mutation. At present, the only chance to predict her status (carrier or not carrier) would rely on an unlikely double recombination event within the candidate region, which could be tested by analysis of additional polymorphisms, especially of highly informative markers, such as dinucleotide repeats.
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